O across the OMT. However, these records are still few and spatially limited and no clear understanding exists of the global versus local imprints. We show that trends and the amplitudes of change are similar at Site U1334 as in other high-resolution stable isotope records, suggesting that these represent global deep water signals. We create a benthic foraminiferal stable isotope stack across the OMT by combining Site U1334 with records from ODP Sites 926, 929, 1090, 1264, and 1218 to best approximate the global signal. We find that isotopic gradients between sites indicate interbasinal and intrabasinal variabilities in deep water masses and, in particular, note an offset between the equatorial Atlantic and the equatorial Pacific, suggesting that a distinct temperature gradient was present during the OMT between these deep water masses at low latitudes. A convergence in the δ
Introduction
The Oligocene-Miocene transition (OMT;~23 Ma) is characterized by a~1‰ positive excursion in marine benthic foraminiferal δ 18 O records. This δ 18 O increase is inferred as a large-scale, rapid expansion in ice volume on Antarctica and an accompanied drop in high-latitude and deep ocean temperatures [Woodruff and Savin, 1989; Miller et al., 1991; Zachos et al., 1997] . Across the OMT, the benthic δ 18 O record shifts from relatively low amplitude climate variability in the late Oligocene, toward high-amplitude, rapid climate variability in the early Miocene [Zachos et al., 2001; Billups et al., 2004; Pälike et al., 2006a Pälike et al., , 2006b Liebrand et al., 2011; Holbourn et al., 2015] . The late Oligocene interval is interpreted as a time of relatively warm global temperatures and low Antarctic ice volume, whereas the early Miocene record is thought to reflect largescale temperature and ice volume fluctuations [e.g., Miller et al., 1991; Zachos et al., 2001; Shevenell and Kennett, 2007; Mawbey and Lear, 2013] .
Stable isotope records across the OMT come primarily from Ocean Drilling Program (ODP) sites located in the Atlantic Ocean, whereas the Pacific Ocean is comparatively understudied. While the benthic foraminiferal stable isotope record from Pacific Ocean Site 1218 provided detailed time control of the entire Oligocene, it is less evenly sampled and of lower resolution after the OMT [Lear et al., 2004; Pälike et al., 2006b ]. The Pacific Ocean plays a dominant role in the global transport of heat and salt and represents the largest reservoir of carbon in the exogenic carbon pool strongly influencing the global carbon cycle, predominantly through regionally high primary productivity [Lyle et al., 2008] . The Integrated Ocean Drilling Program (IODP) revisited the equatorial Pacific during the Pacific Equatorial Age Transect (PEAT) Expeditions 320/321 to broaden current understanding of Cenozoic climate and carbon cycle history . Here we present a 2.3 Myr high-resolution (3 kyr) benthic foraminiferal stable isotope record from IODP Site U1334, BEDDOW ET AL. THE OMT AT SITE U1334 81 covering the interval 21.91-24.14 Ma, providing a fresh opportunity to study the OMT in the Pacific Ocean, and to compare it on both an intrabasin scale, to Site 1218, and interbasin scale, to sites from the Atlantic Ocean [Zachos et al., 2001; Billups et al., 2004; Pälike et al., 2006a Pälike et al., , 2006b Liebrand et al., 2011] . A well-defined magnetostratigraphy is available for Site U1334 [Channell et al., 2013] , which forms the basis of our untuned age model used to evaluate climatic change across the OMT.
Site Description
The main objective of PEAT Expeditions 320 and 321 was to recover sediments deposited across the equatorial zone from 56 Ma to the present for the purpose of creating a continuous Pacific "Megasplice," allowing for focus in high resolution on critical intervals of Cenozoic climatic change . A shallow Paleogene calcite compensation depth (CCD) has made obtaining well-preserved carbonate sediments during this stratigraphic interval challenging; however, IODP Expedition 320 recovered a unique sedimentary archive encompassing most major Cenozoic glaciations, including the OMT. Pelagic clays, nannofossil oozes, and nannofossil chalks of early Miocene to late middle Eocene age, deposited on~38 Ma old oceanic crust, were recovered from three holes drilled at IODP Site U1334 (7°59.998′N, 131°58.408′W), which is situated 4794 m below sea level (mbsl). Oligocene to Miocene sediments at Site U1334 are primarily made up of nannofossil ooze and chalk . The site is estimated to have been positioned at~4200 m water depth during the OMT,~500 m above the CCD .
Within this study, we analyze a section of Site U1334 stretching from 77.74 CSF in hole A (core depth below sea floor, equivalent to meters below sea floor or mbsf) to 104.17 CSF in hole B. On the revised splice of Site U1334 [Westerhold et al., 2012] , this section runs from 88.93 CCSF-A (core composite depth below seafloor) (U1334A-9H-3) to 121.29 CCSF-A (U1334B-11H-5).
Shipboard data indicate that CaCO 3 concentrations are consistently high within this section, ranging from 74 to 95 wt % .
Sites selected for global comparison within this study, with the exception of Site 1218, are located in or near the Atlantic Ocean forming a geographic distribution from the Atlantic sector of the Southern Ocean to the equatorial Atlantic (Figure 1) . We compare the composite record from Site U1334 with data from ODP Sites 926 (Hole B, 3598 mbsl) and ODP Site 929 (Hole A, 4358 mbsl), drilled at Ceara Rise in the equatorial western [Lear et al., 2004; Pälike et al., 2006b ], located~370 km southeast of Site U1334, 28 mbsl deeper than Site U1334 (Figure 1 ).
Methods
The revised splice of Site U1334 [Westerhold et al., 2012] was followed during sampling. Samples of approximately 7.5 cm 3 (quarter core 1 cm slices) of sediment at 4 cm intervals were taken from 88.93 to 121.29 CCSF-A, covering the complete OMT interval. The samples were freeze dried, washed over 38 μm, 63 μm, and 150 μm sieves, and oven dried at 40°C. Weights were recorded before and after all sample-processing steps. Samples were dry sieved, and two benthic foraminifera species, Cibicidoides mundulus and Oridorsalis umbonatus, were picked from the 250-355 μm size fraction to avoid juvenile specimens with potentially different isotopic compositions, resulting from variability in vital effects between specimens of different age [Schmiedl et al., 2004] . Between 1 and 6 foraminifera were picked, crushed to obtain a homogeneous subsample and ultrasonically cleaned for 2 s while suspended in ethanol. Excess ethanol was pipetted out and the samples dried overnight at 40°C.
Stable isotope analyses were conducted at the Faculty of Geosciences, Utrecht University, using a ThermoFinnigan Kiel III automated preparation system coupled to a Thermo-Finnigan MAT 253 mass spectrometer. The standard NBS-19 and an in-house marble standard "Naxos" were used to calibrate isotope values to Vienna Pee Dee Belemnite (VPDB). Analytical precision is 0.03‰ and 0.08‰ for δ 13 C and δ
18
O, respectively. The standard error derived from running replicate analyses of the samples (15% of the data set) is 0.32‰ and 0.33‰ ( Figure S3 in the supporting information). The standard error from the correction factor between the two species is 0.52‰ and 0.45‰ for δ 13 C and δ 18 O, respectively. Minimal removal of outliers was performed by eye from both stable isotope data sets; 8 values were removed from the C. mundulus data set and 13 values from the O. umbonatus data set ( Figure S2 in the supporting information).
Results

Interspecies Comparison
Oligocene-Miocene foraminifera present at Site U1334 have moderate to good preservation Edgar et al., 2013] . Cibicidoides mundulus is present in most samples and is measured within this study as the main species; however, in some samples C. mundulus is scarce or even absent. The scarcity is most likely a result of the quarter core sample size and/or reflects overall low epifaunal foraminiferal abundances. Owing to the scarcity of C. mundulus we use Oridorsalis umbonatus to fill gaps in our C. mundulus record and obtain a high-resolution record. Specimens of O. umbonatus are ubiquitous at Site U1334 throughout the Oligocene-Miocene interval and are also used in other high-resolution stable isotope records across the OMT [Billups et al., 2004] .
We compare pairs of O. umbonatus and C. mundulus stable isotope values from 187 samples to calculate interspecies offsets across the OMT using an ordinary least squares linear regression ( [Shackleton et al., 1984; Katz et al., 2003; Billups et al., 2004; Coxall and Wilson, 2011] (Table 1, After correcting for the offset between the two species, we obtain benthic foraminiferal δ To assess the validity of applying the correction factor shown in Figure 2 , we performed a sensitivity study to see how robust the record is and how much trends and variability within the record are affected by potential error introduced by using the correction factor. We applied previously reported correction factors [Shackleton et al., 1984; Katz et al., 2003; Billups et al., 2004; Coxall and Wilson, 2011] 
Age Model
Site U1334 provides a complete magnetostratigraphy for the OMT interval (Figures 3 and 5 ) [Channell et al., 2013] . By assigning the most recent GTS2012 Vandenberghe et al., 2012] polarity chron ages to the magnetic reversals at Site U1334, we fit a third-order polynomial to the 14 depth-to-age magnetostratigraphic tie points, which results in a near-linear depth-to-age conversion ( Figure 5 ). The average sedimentation rate is 14.5 m/Myr, with a maximum rate of 15.2 m/Myr and a minimum rate of 12.8 m/Myr. By fitting a third-order polynomial through the GTS2012 polarity ages, we prevent the introduction of spectral power on higher astronomical frequencies (i.e., >10 cycles/Myr), although it should be taken into consideration that the GPTS2012 does consider astronomically tuned ages [Billups et Paleoceanography 10.1002/2015PA002820 Vandenberghe et al., 2012] . On the magnetostratigraphic age model, our stable isotope records cover the interval 21.91-24.14 Ma with a mean sample resolution of 3.6 kyr ( Figure 5 ).
Stable Oxygen and Carbon Isotope Composite Records
Within this study, we have chosen to focus on the composite high-resolution two-species data set from Site U1334 (Figure 3 ), in order to identify and compare trends and patterns present in the Site U1334 data set with C, respectively) after the excursion from 21.91 to 22.9 Ma (~88.9-102.6 CCSF-A). Variability in the δ 13 C record is noticeably smaller (between 0.1 and 0.4‰) than in the δ 18 O record [Zachos et al., 2001; Pälike et al., 2006a] .
Time Series Analysis
The benthic foraminiferal δ 13 C and δ
18
O time series both exhibit amplitude variability on astronomical frequencies ( Figure 6 ). To illustrate the evolution of astronomical cyclicity through time, we convert our time series into the time-frequency domain using wavelet analyses [Torrence and Compo, 1998] (Figure 6 ). Prior to analysis, the data were linearly detrended, resampled at a 5 kyr time step and long-term trends (periods longer than 600 kyr) were removed using a Gaussian notch filter, with version 2 of the software package AnalySeries [Paillard et al., 1996] . In addition, we calculate a "family of smooths" on our isotope chronology Paleoceanography 10.1002/2015PA002820 using a space-scale statistical programme SiZer (Significant Zero crossing of derivatives) [Chaudhuri and Marron, 1999] , to quantify features in the data set that stand out above the background noise. Of the 41 smooths calculated by SiZer we have selected the 31st and the 24th smooths as they resolve variability oñ 100 kyr and >400 kyr timescales, respectively. We will refer to these from this point on in the text as the short-term smooth and long-term smooth. The first set is used to better resolve the orbital components of the records (Figure 6 , solid blue line) whereas the second set is used to track climate variability on long-term (>400 kyr) timescales ( Figure 6 , dashed red line).
Our wavelet analyses show that both isotope records are paced by the long (400 kyr) and short (95-125 kyr) periods of eccentricity, with intervals of obliquity (41 kyr) paced variability ( Figure 6 ). Prior to the inception of the OMT glaciation, long-period eccentricity variability is prominent, particularly in the δ 13 C record, with amplitude variability of 0.4 to 0.8‰. After the termination, both δ 18 O and δ 13 C exhibit increased amplitude variability with typical amplitudes of 0.5 to 1.0‰ on short-term eccentricity frequencies (95-125 kyrs). Significant~100 kyr and 41 kyr power increases during the OMT and into the early Miocene in both data sets, whereas the 41 kyr signal appears in the wavelet spectrum when the~100 kyr signal present in the data set is weakest ( Figure 6 ). To create the best approximation of the global isotope signals, we align our data in the depth domain with existing high-resolution benthic foraminiferal stable isotope records from ODP Sites 926, 929, 1090, 1218, and 1264 [Zachos et al., 2001; Billups et al., 2004; Pälike et al., 2006a Pälike et al., , 2006b Liebrand et al., 2011] and create a benthic stack across the OMT. We first correlate the records in the depth domain to Site U1334 using a minimal number of manually selected correlation points and subsequent automated alignment through the application of the Match software package [Lisiecki and Lisiecki, 2002] (supporting information). In addition, we utilized an existing correlation of physical property data from the Pacific Sites 1218 and U1334 [Westerhold et al., 2012] . After all records have been placed on the Site U1334 CCSF-A depth scale, we assigned the ages of our magnetostratigraphic age model to all records. The resulting time series for each site allows the comparison of the available magnetostratigraphies, Site 1218 [Lanci et al., 2004 [Lanci et al., , 2005 Pälike et al., 2006b ], Site 1090 [Channell et al., 2003; Billups et al., 2004] , and Site 1265 [Bowles, 2006] , with that of Site U1334 [Channell et al., 2013 ] along a common age scale. At Site 1264, no reliable magnetostratigraphy was recovered, so the magnetostratigraphic data from nearby ODP Site 1265 (3083 mbsl) were transferred by pattern matching magnetic susceptibility and color reflectance records [Liebrand et al., 2011] . All reversals, in particular the base of Subchron C6Cn.2n, marking the base of the Miocene, are clearly consistent with the magnetostratigraphies from Sites 1218, 1090, and 1265 (Figures 7 and 8) . O records, with magnetic reversal data plotted underneath, adjusted to Site U1334 age model. Dark blue lines are a statistical smooth created using SiZer. Plotted above is (a) the benthic foraminiferal isotope stack, (b) IODP Site U1334 [Channell et al., 2013] , (c) ODP Site 1218 [Lanci et al., 2004; Lear et al., 2004; Pälike et al., 2006b ], ODP Sites (d) 926 and (e) 929 Zachos et al., 1997 Zachos et al., , 2001 Paul et al., 2000; Pälike et al., 2006a; Shackleton et al., 2000] , (f) Site 1264 [Liebrand et al., 2011] , and (g) Site 1090 [Channell et al., 2003; Billups et al., 2002 Billups et al., , 2004 . The magnetostratigraphy for Site 1264 is transferred from Site 1265 [Bowles, 2006] . The data sets have been aligned at depth using the Match software package [Lisiecki and Lisiecki, 2002] (supporting information) and all data sets then placed on the Site U1334 magnetostratigraphic age model.
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applied for species offsets between records when constructing the stacked record. All analyzed records have a sampling resolution of <10 kyrs. The composite stable isotope stack is created by resampling each record at 5 kyr intervals using AnalySeries, to approximate the true sampling resolution (i.e., not under sample) of the best resolved records and subsequently calculating an equal-weighted average of the six aligned δ [Liebrand et al., 2011] , and (g) Site 1090 [Channell et al., 2003; Billups et al., 2002 Billups et al., , 2004 . The magnetostratigraphy for Site 1264 is transferred from Site 1265 [Bowles, 2006] . The data sets have been aligned at depth using the Match software package [Lisiecki and Lisiecki, 2002] (supporting information) and all data sets then placed on the Site U1334 magnetostratigraphic age model. O stack is 2.21‰, and the minimum is 1.79‰ (Figure 7 ). In the δ 13 C stack, the maxima and minima are 1.89‰ and 0.52‰, respectively (Figure 8 ). The stacked record captures the full extent of the~1‰ shift that occurs in the benthic δ 18 O signal across the OMT. Although the sites used are few, and spatially limited (no data from the North Atlantic and only one fully high-resolution site from the Pacific), the stack is the best global averaged stable isotope signal across the OMT currently possible.
Discussion
The benthic foraminiferal δ 18 O signal is a function of the isotopic composition of local seawater δ
18
O and water temperature at the site of calcification. Consistency in both shape and amplitude between the six records across the OMT indicates a true global signal present in the records from Site U1334. Deconvolving the benthic foraminiferal δ 18 O signal into separate components driven by ice volume changes and temperature requires other independent temperature proxies, such as Mg/Ca [Lear et al., 2004; Mawbey and Lear, 2013] or inverse modeling techniques, including ice sheet models for the loci of significant land ice in both hemispheres [De Boer et al., 2010 . These studies indicate that 50% or more of the benthic δ 18 O signal is driven by changes in Antarctic ice volume. This equates to an average sea level fall of 50 m or more according to a combined benthic δ
O and Mg/Ca study of Site 926 records [Mawbey and Lear, 2013] and estimates of 35-40 m based on inverse modeling of benthic δ
O from Site 1264 [Liebrand et al., 2011] .
Changes in δ 18 O Offset Between Infaunal and Epifaunal Species at Site U1334
We recognize that the use of two species that exhibit different paleoecological habitats, i.e., epifaunal (C. mundulus) and shallow infaunal (O. umbonatus), as done within this study and that of Site 1090 [Billups et al., 2004] , may influence amplitude variability in the benthic stable isotope records. This may, in turn, complicate the interpretation of the short-term variability in the water masses and climates investigated. In particular, we found a reduction in the δ We compare the relative change in amplitude across the OMT in the Cibicidoides mundulus and uncorrected Oridorsalis umbonatus δ 13 C and δ 18 O data sets, calculated by using the long-term SiZer smooths ( Figure 3) and a baseline average determined between 108.70 and 112.20 CCSF-A (Figure 4 ). We find that both δ 13 C data sets have a similar relative change in amplitude across the OMT, but in the C. mundulus δ 18 O data set the OMT has a relative amplitude of~0.6‰, and the O. umbonatus data set has a smaller relative amplitude of~0.4‰.
We note a similar reduction in interspecies δ 18 O gradients between C. mundulus and O. umbonatus occurred across the Eocene-Oligocene boundary at Pacific Site 1218, during a positive shift in δ 18 O associated with the inception of permanent ice sheets on Antarctica [Coxall and Wilson, 2011] . Although it is a very different setting, changes in offsets between the two species have also been noted across the Last Glacial Maximum (LGM) [Thornalley et al., 2015] , suggesting that these offsets relate to glacial maxima.
Offsets in stable isotope signals between different benthic foraminifera species are often attributed to differences in metabolic fractionation or "vital effects." Fluctuations in stable isotope offsets between epifaunal and infaunal species are associated with changes in deep water oxygenation, organic matter fluxes, and pore water DIC concentration, and vertical microhabitat shifts [McConnaughey, 1989a [McConnaughey, , 1989b McConnaughey et al., 1997; Schmiedl et al., 2004] . The δ 18 O offset between C. mundulus and O. umbonatus is not constant through time, and the reduced offset present between 101 and 107 CCSF-A (Figure 3 ) and could reflect a carbonate ion effect on the benthic δ
18
O isotope signal during the OMT, where a decrease in pH could lead to the δ 18 O of foraminiferal shells becoming isotopically heavier [Zeebe, 1999] . Many studies focus on the implications of the carbonate ion effect for trace metals, suggesting O. umbonatus is a reliable species for Mg/Ca and other trace metal species by reasoning that, as an infaunal species, it is protected from fluctuations in the CCD by a buffering effect Brown et al., 2011; Mawbey and Lear, 2013] ; however, few studies have considered the influence of the carbonate ion effect on benthic stable isotopes. A study of the carbonate ion [Schmiedl and Mackensen, 2006; Friedrich et al., 2006; Hoogakker et al., 2010] , making it difficult to pinpoint mechanisms controlling Cenozoic changes in the δ 18 O gradient between benthic foraminiferal species.
Interbasin Comparison of the OMT
All Pacific and Atlantic high-resolution records throughout the OMT interval show a notable similarity in the shape and amplitude of large-and small-scale features in the data sets and short-term and long-term smooths created using SiZer (Figures 7 and 8 ).
As changes in ice volume should have an equal effect on the δ
18
O of all water masses, the global signal in the δ 18 O records should be comparable, with differences in δ 18 O between records implying a change in deep ocean circulation patterns, regional changes in water mass temperature, or changes in the relationship between salinity and δ
O, taking offsets between labs (which can be up to 0.2‰) into account [Ostermann and Currie, 2002] . All six records exhibit peak positive δ
18 O values that are often referred to as the Mi-1 isotope zone, or "Mi-1," which has been identified previously in a number of OMT records Billups et al., 2004; Pälike et al., 2006b ]. The peak positive values (Mi-1) at Site U1334 occur at 23.02 Ma, just prior to Chron C6cn.2n, the marker for the Oligocene/Miocene boundary, making it a late Oligocene event rather than a Miocene event (Figures 5 and 7) .
Absolute (range from maxima to minima) values of the amplitude of the positive δ 18 O excursion at the OMT range between 1.0‰ (Site 1264) and 1.4‰ (Site 1090). We measure the absolute amplitude of the OMT in each record by taking the difference between the minimum value at 23.2 Ma, where the shifts toward more positive δ 18 O values begins, and the maximum value during the OMT at~23.0 Ma. One factor to consider with regards to measuring the amplitude of an event using absolute values is that picking a precise point at which the transition starts can be arbitrary and choosing different points in the data set to define the beginning of a transition can lead to different estimates for the absolute amplitude of the event [Mudelsee et al., 2014] . We use the short-and long-term SiZer smooths to distinguish the underlying structure of the data set from the background noise, to pinpoint the beginning of the positive δ 18 O shift at the OMT, and to compare the relative amplitude change during the glaciation between records [Bohaty et al., 2012] . Focusing on differences in the amplitude of the isotope excursion during the OMT using statistically smoothed SiZer data avoids putting too much emphasis on extreme stable isotope values, which might lead to an overestimation or underestimation of differences in amplitude between sites [Mudelsee et al., 2014] .
Site 1090 has the largest absolute amplitude across the OMT in terms of maximum and minimum individual δ 18 O values (1.4‰) (Figure 7 ), but looking at the smoothed data set (Figure 9 ), equatorial Atlantic Site 929 experiences the largest relative change across the OMT. O across the OMT, we find a value of 0.6‰ (Figure 7 ), which agrees with a previously published study, which gives the same figure for an overall weighted mean from 15 high-and low-resolution records [Mudelsee et al., 2014] . We note that the small relative amplitude at Site U1334 could be an artifact of the way the record was constructed, as the offset between the two is an average of the C. mundulus and O. umbonatus data sets. The C. mundulus data set has a relative change in amplitude of 0.6% (Figure 4 ), which is in better agreement with the value given by the stacked record and the study from Mudelsee et al. [2014] . Comparing relative change in δ
O values across the OMT suggests that the upper limit of ice volume change present within the δ
O signal across the OMT can be constrained to 0.6‰, which would equate to a maximum~50 m of sea level fall, assuming an ice sheet δ 18 O identical to today [Fairbanks and Matthews, 1978] . If the δ 18 O of the expanding ice sheet during Mi-1 was higher than today, which can be expected from presumably reduced Rayleigh distillation by atmospheric water transport in a warmer world than the present day, then this estimate could be slightly larger. This would suggest that sea level change across the OMT is in the midrange of previous estimates, which vary from 30 to 90 m Pekar et al., 2002; Liebrand et al., 2011; Mawbey and Lear, 2013] .
Significant~100 kyr amplitude variability present in all δ 18 O data sets during the early Miocene suggests short-period eccentricity controlled expansion/contraction of the geographical extent and mass of the Antarctic ice sheet ( Figure 6 ) [Zachos et al., 2001; Liebrand et al., 2011] . Low~100 kyr amplitude variability during the positive isotope excursion and suggested glacial expansion across the OMT indicates a stable period of maximum ice volume and persistent low temperatures. More significant~100 kyr variability occurring in the early Miocene is superimposed on a long-term trend in ice sheet decay and relatively higher global temperatures. Strong~100 kyr cyclicity is particularly clear during the termination phase of the transient glaciation across the OMT. All six sites show a clear increase in the amplitude of~100 kyr variability after the termination, although the amplitude of the response differs between basins. In particular, directly after the OMT, three prominent~100 kyr cycles are present in all records but are clearest at Sites U1334 and 1264 (Figures 6 and 7) . At 22.7 Ma, Site 1264 has notably high amplitude~100 kyr cycle relative to the other five sites, which appears to be a regional feature unique to this record. The strong shift toward more negative δ 18 O values at Site 1264 around 22.7 Ma results in reduced gradients between Site 1264 and the Pacific and Southern Ocean sites ( Figure 9 ) and is associated with variability on 400 kyr timescales, coinciding with the termination phase of the transient glaciation across the OMT.
Comparing the short-term smooths between 22.6 and 22.9 Ma (Figure 7) Figure 9 ).
The maximum δ 13 C values occur at all six sites~30 kyr after the peak δ
O values of the OMT, due to a global shift in the carbon cycle either triggered by or coincident with the expansion of the Antarctic Ice Sheet [Hodell and Woodruff, 1994; Diester-Haass et al., 2011] . We calculated the relative change in δ 13 C on the long-term smooths across the OMT for all six sites, relative to a baseline determined by averaging δ 13 C values between 23.30 and 23.55 Ma. Across the glaciation, the range in relative amplitudes in the long-term δ 13 C smooths between all six sites is minor (0.3-0.5‰) (Figure 9 ). After this shift across the OMT, the δ 13 C baseline is distinctly offset toward more positive values in all data sets (Figure 9 ), a δ 13 C stable isotope feature previously described as the Oligocene-Miocene Carbon Maximum [Hodell and Woodruff, 1994] . The long-and short-term smoothed data sets in the δ 13 C record show the clear imprint of the long-period eccentricity forcing prior to and during the OMT (Figures 6 and 8) . The strong response at the 400 kyr frequency seen in the δ 13 C record is a consistent global feature of climate during the Oligocene and Miocene [Zachos et al., 2001; Wade and Pälike, 2004; Pälike et al., 2006a; Holbourn et al., 2013 Holbourn et al., , 2015 .
Isotopic Gradients Between Sites
On an intrabasin scale, the offset in δ
18
O between Sites U1334 and 1218 on astronomical timescales is small at 0.1‰, although the offset increases across the OMT (Figure 9 ). The similarity between the Pacific sites is unsurprising, as they are geographically close and from similar water depths. Preservation issues can be discounted as an explanation for the difference between the sites across the OMT, as foraminifera from Site 1218 have very good preservation across this time period [Lyle et al., 2002; Edgar et al., 2013] . The offset is within the limit suggested to account for different laboratory practices [Ostermann and Currie, 2002] , but this does not explain an increase in the offset across the OMT. Either Site 1218 does not record the full extent of the coldest points during the OMT or in the equatorial Pacific, local variation exists in bottom water temperatures based on depth.
The long-term δ 18 O SiZer smooths (Figure 9 ) indicate that the six records fall into two distinct groups. The Deep ocean δ
13
C gradients between basins are negligible across the OMT, regardless of changes in ocean circulation. The low gradients in δ
C are attributed to a generally low-nutrient ocean [Delaney and Boyle, 1987; Wright et al., 1991; Billups et al., 2002] . However, we observe some differences between the sites. Carbon isotope gradients between the deeper Sites U1334, 1218, 926, 929, and 1090 are small, but Site 1264 is offset from the other sites by~+0.5‰ (Figure 9 ). The difference in δ
C gradients between Site 1264 and the other five sites is most likely due to its shallower water depth location [Liebrand et al., 2011] . In this respect, it is interesting to note that Site 1264 revealed a weak imprint of obliquity in both stable isotope records across the OMT [Liebrand et al., 2011] compared to the equatorial, though deep water, Sites 926 and 929 Paul et al., 2000] (Figure 9 ). Our findings at Site U1334 confirm a distinct obliquity imprint in both δ
18
O and δ 13 C during the OMT in the deep waters of the Pacific (Figure 6 ), indicating that most likely the obliquity signal is transferred from high latitudes (i.e., Antarctica) to the equator primarily through deep water masses. Alternatively, Site 1264 has low sedimentation rates, which could distort the preservation of higher frequency astronomical cycles and lead to a weak obliquity signal. After the OMT, δ
13
C values at all sites increase and show greater variability, and the imprint of the 400 kyr eccentricity cycle is less easy to distinguish; in particular, the Pacific/Southern Ocean sites have a more variable δ 13 C signal.
Conclusions
We have constructed new high-resolution (~3 kyr) benthic foraminiferal stable isotope records in the equatorial Pacific basin and compare these data sets to other high-resolution records from different ocean basins to evaluate global and regional climate variability across the OMT. We find that the benthic foraminiferal stable isotope records from IODP Site U1334 are remarkably consistent with previously published records, confirming the global nature of the δ 18 O signal in the Pacific. Peak δ 18 O values associated with the OMT (i.e., Mi-1 oxygen isotope zone) occur in the latest Oligocene prior to the Oligocene/Miocene boundary. Gradients between sites suggest that the high-resolution records fall into two groups, dominated by two different water masses, supporting previous suggestions of the existence of deep water formation in the North Atlantic during the Oligocene-Miocene. We find pervasive cyclicity at long-and short-period eccentricity frequencies (400 and~100 kyr) and confirm a distinct obliquity imprint (41 kyr) present in the stable isotope records at Site U1334. We find an offset in δ
18
O records between the deep equatorial Atlantic and deep equatorial Pacific basins, which suggests a temperature gradient is present between the equatorial Pacific bottom waters and the equatorial Atlantic bottom waters across the OMT.
